Summary. Circulating plasma concentrations of LH from young mature (3\p=n-\4 months old), middle-aged (15\p=n-\18 months old) and aged (31\p=n-\32 months old) male C57BL/6 mice, Syrian hamsters (3\p=n-\4, 1 9 \ p =n -\ 2 0 and 24\p=n-\25months old), Fischer 344 rats (3\p=n-\4, 1 8 \ p = n -\ 1 9 and 28\p=n-\29months old), Chinese hamsters (3\p=n-\4, 19\p=n-\20and 29\p=n-\30months old) and Mongolian gerbils (3\p=n-\4 and 19\p=n-\22months old) were analysed using a radioimmunoassay (RIA) and a radioreceptor assay (RRA). Male rats exhibited the greatest changes with advancing age : the oldest rats had an almost undetectable quantity of plasma LH, as measured by both assays. In contrast, the oldest male Syrian hamsters had significantly higher levels of LH than did younger animals. A significant decrease occurred in the amounts of LH detectable by RRA in middle-aged Chinese hamsters which was not evident with the RIA. There were no statistically significant differences in LH levels of C57BL/6 mice and gerbils with increasing age. The mean RRA :RIA ratios indicated that age-related differences in LH concentrations resulted from physiological changes in the secretion or the metabolic clearance of LH and not from changes in the biological potency of LH.
Introduction
Parkening, Collins & Smith (1980) have shown that concentrations of plasma luteinizing hormone (LH), as measured by RIA, in aged female mice (cyclic and constant dioestrous 16-20 months old) are significantly higher than those of young mature (2-4 months old) females during oestrus. Plasma LH levels in aged (13-17 months old) anoestrous Syrian hamsters were also statistically higher than those found in younger (3-5 months old) dioestrous females (Parkening, Collins, Lau & Saksena, 1982b) . In contrast, levels of plasma LH from aged (14-18 months old) repetitively pseudopregnant Wistar rats were significantly lower than those of younger (3-5 months old) dioestrous females (Parkening et ai, 1982a) . When plasma from the three species of animals was analysed in a radioreceptor assay (RRA) the younger females had concentrations of LH similar to those measured by RIA for that species (Parkening et ai, 1982a) . This was also true for aged Wistar rats but for aged oestrous and constant dioestrous mice and aged anoestrous hamsters, the RRA levels of LH were significantly lower than those found by RIA (Parkening et ai, 1982a (Parkening et ai, 1980 (Parkening et ai, , 1982a Parkening, Calcóte & Collins, 1981) . Maximum binding of the iodinated hormone by the antiserum was 28-7%. Samples were analysed in one assay for the rat and gerbil. For the mouse and both species of hamsters the inter-assay coefficient of variance was 6-7%. The intra-assay coefficient of variance was less than 10%.
The RRA was conducted according to the procedures of Lee & Ryan (1972) and was identical to the methods published previously (Parkening et ai, 1980) , except that 1% Celite was added to the buffer used to wash the membrane pellets. Single samples were assayed for all species except for duplicate samples of the Syrian hamster and rat. The maximum binding of the iodinated hormone by the homogenate in the absence of the standard or sample was 24-5%. As in the RIAs rat and gerbil samples were analysed in one assay and the inter-assay coefficient of variance for the other species was 15-1%. The intra-assay coefficient of variance for all species was less than 10%.
All data were statistically evaluated by one-way analysis of variance or the Student's t test.
Results
As shown in Text- fig. 1 12-7 ± 0-7 15-1 ± 1-3 9-2 ± 1-7
10-2 ± 1-3* Values that are statistically significantly different within each group, as determined by one-way analysis of variance (F-ratios are given in parentheses): *P < 005, **P < 0002, ***/> < 0001. significant differences in the LH concentrations in the 3 age groups of the Syrian hamsters, rats and Chinese hamsters ( Bethea & Walker (1979) . RIA studies with other strains of rats indicate that LH levels decrease with advancing age in intact rats, castrated male rats receiving exogenous hormones, and in LH-RH-treated rats (Shaar, Euker, Riegle & Mettes, 1975; Riegle & Meites, 1976 ; Miller & Riegle, 1978b ; Gray, 1978 ; Saksena & Lau, 1979) . Testosterone has also been shown to decline in rats older than 14 months of age whether measured in vivo or in vitro (Ghanadian, Lewis & Chisholm, 1975; Chan, Leathern & Esashi, 1977; Gray, 1978; Miller & Riegle, 1978a) . Miller & Riegle (1978a) reported that the testicular response to hCG, as measured by serum testosterone concentrations, was reduced in aged male rats, 20-30 months of age, although if 5 i.u. hCG/100 g body-weight were given s.e. for 7 days, the levels of testosterone were similar in young mature and aged rats, an indication that the testes of aged animals still had the ability to secrete testosterone. It has been suggested that the primary cause of reduced testosterone levels in the aged male rat results from inadequate levels of gonadotrophins. Sufficient LH-RH appears to be present in hypothalamic extracts from aged male rats (Riegle, Meites, Miller & Wood, 1977) , but the concentrations of hypothalamic dopamine and catecholamines, which are thought to regulate the release of LH-RH, are reduced (Miller, Shaar & Riegle, 1976; Simpkins, Mueller, Huang & Meites, 1977) . Conn, Cooper, McNamara, Rogers & Shoenhardt (1980) suggested that the LH molecule in the aged male rat (NIH hybrids of the Dublin strain) may have a higher molecular weight (determined by gel filtration) than that found in younger males. It was postulated that this higher molecular weight form of LH originates because of increased glycosylation which alters the structure of the LH molecule in the pituitary and circulation. However, even if the LH molecule is altered in male Fischer 344 rats it is still capable of binding to ovarian receptor sites, as shown by the RRA in the current study. Kaler & Neaves (1981) suggested that circulating plasma LH and testosterone values in 3-and 24-month-old male Sprague-Dawley rats remained relatively constant when considering that the body weight had increased almost 50% in the older rats. They concluded that the lower testosterone levels in 24-month-old rats resulted from a dilution of the hormone within an expanded volume of plasma and therefore considered that the amounts of LH had actually increased in the older rats. Plasma dilution of circulating LH was not a factor in the present study because the 28-29-monthold Fischer 344 rats weighed less (mean ± s.e.m. 375-9 ± 42-3 g) than the 18-19-month-old rats (422-5 ± 96-1 g). The mean ± s.e.m. testicular weight on a 100 g body weight basis in 28-29-monthold rats was twice (2-2 g) that of 3^4-month-old (1-1 g) and 18-19-month-old (1-0 g) rats.
Morphologically, however, most testes of the oldest rats contained numerous opaque seminiferous tubules and accumulations of a clear fluid beneath the tunica albugínea. The fluid was an important component of the increased weight of the testis : 3 of the 16 28-29-month-old rats had one extremely atrophied testis. The low LH concentrations in the oldest rats probably led to low testosterone values because there was a marked reduction in seminal vesicle weight (57-2 ± 5-0 mg compared with 367-3 ± 13-2 and 303-1 ± 15-0 mg in 3-4-and 18-19-month-old rats, respectively).
The patterns of LH secretion by C57BL/6 mice in the present study agree with the findings of Finch et ai (1977) who reported no major differences in the concentrations of circulating LH in 12-and 28-month-old male C57BL/6 mice. Similar levels of serum LH have also been found in young mature and 24-month-old CB F{ mice, provided the older males were robust and sexually active (Bronson & Desjardins, 1977) . In contrast to the aged rat, testosterone concentrations in 6-, 12-, 20-and 28-month-old C57BL/6 mice (Eleftheriou & Lucas, 1974) , 8-11-and 29-30-month-old C57BL/6 mice (Nelson, Latham & Finch, 1975) and in young mature and 24-month-old CB F1 mice (Bronson & Desjardins, 1977) were similar, provided the males were visibly healthy and free of pathological lesions.
The higher concentrations of LH in 24-25-month-old Syrian hamsters were unexpected, since there were no statistically significant differences in the values in 3-4-and 19-20-month-old animals. The testes from the oldest Syrian hamsters were normal in appearance and weight. It is not known whether the differences between age groups are a reflection of the small number of animals or whether the Leydig cells are steroidogenically deficient.
The results obtained in this study with younger males of each species agree with those reported for young male rats by Solano, Dufau & Catt (1979) , who used an in-vitro bioassay consisting of cultured rat interstitial cells in which testosterone release was stimulated by rat LH. Solano et al. (1979) found that the LH levels determined by bioassay and RIA were identical, provided a highly purified LH preparation was used as a standard for the assays ; if the NIAMDD LH-RP-1 standard was used significantly higher levels of LH were obtained in the bioassay than in the RIA. Similar results have been reported for rhesus monkeys when LH levels were measured by an RIA and RRA (employing porcine granulosa cells in culture) with ordinary NIAMDD standards and a purified LH standard (Sakai & Channing, 1979) . We also experienced similar effects when using the NIAMDD LH-RP-1 standard in the RRA chosen for our studies, which is why the more purified NIAMDD LH-I-5 was selected for the standard and for radioiodination. Solano et al. (1979) suggested that the discrepancies in their study resulted from immunoreactive material in the LH-RP-1 standard that was biologically inactive, thereby causing an artificially low estimate of the immunoreactive LH present in samples assayed against this standard.
From the present study it appears that LH secretion in the male Chinese hamster, gerbil and C57BL/6 mouse is unaffected by ageing; whereas LH secretion increases with age in the aged Syrian hamster and decreases with age in senescent rats. Additional studies with a larger number of animals are needed to check this finding for male Syrian hamsters, but the age-related changes occurring in the hypothalamic-pituitary-testicular complex of the rat are apparently different from those of other laboratory rodents.
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